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INTRODUCTION 
This r e p o r t is a b r i e f summary of p r o g r e s s and key accomplishments in 
the f i r s t two years of the planned 3-year research program, plus additional 
contributions made during the 6-month f l e x i b i l i t y period of the second year 
of the grant (1 February 1978 to 31 July 1978). All important aspects of the 
research during the 2-year NSF grant covering the period, 1 February 1976 to 
31 January 1978, have been presented in de t a i l in three previous research 
reports to NSF and wil l not be repeated here . Thus, de ta i led descript ions of 
the f ie ld a c t i v i t i e s and ear ly phases of the analyses were provided in the 
F i r s t Interim Report (Changnon and Huff, 1976). The Annual and Interim 
Report dated December 1977 (Changnon and Huff, 1977) summarized a l l aspects 
of the f ie ld and analysis program for both the f i r s t year (1 February 1976 to 
31 January 1977) and for the f i r s t par t of the second year (1 February 1977 
to 31 July 1977). The t h i r d report (Changnon, et a l . , 1978) described 
progress and achievements for the period 1 August 1977 to 31 January 1978. 
Since NSF funding for support of the planned thi rd-year a c t i v i t i e s was not 
forthcoming, we then proceeded to complete as much of the remaining research 
as possible with remaining funds (State of I l l i n o i s and NSF) during the 
6-month f l e x i b i l i t y period of the grant. 
Background of Research 
In an effor t to b e t t e r describe the hydrometeorology of Chicago and 
environs, an inves t iga t ive program was begun by the Water Survey s c i e n t i s t s 
in 1974. All the h i s t o r i c a l r a i n f a l l data for the area were procured and 
studied. The resu l t ing analyses were aimed primarily at providing r a in f a l l 
information of various types that would be useful to urban hydrologists in 
the design of storm-sanitary sewer systems. This invest igat ion culminated in 
the publicat ion of a Water Survey report (Huff and Vogel, 1976) which 
provided much useful information on various aspects of the hydrometeorology 
of heavy rainstorms in Chicago and northeastern I l l i n o i s . However, these 
r e s u l t s , plus in te rac t ion with various local and regional users in the 
Chicago area, revealed fur ther extensive needs for a sophis t icated level of 
urban r a in f a l l data and information that could not be served by the r e s u l t s 
obtained from the exis t ing data base at Chicago or those at most other major 
American c i t i e s . 
To th i s end, the I l l i n o i s State Water Survey began designing and 
developing a comprehensive urban hydrometeorological inves t iga t ion . Thus, an 
extensive r a in f a l l measurement program, which became labeled as Phase 2, was 
planned. The study of the h i s t o r i c a l data done in 1974-1976 was labeled as 
Phase 1. It aimed at developing a short-term ra in fa l l p robabi l i ty forecast 
s k i l l , real- t ime estimates of r a in f a l l over the c i t y , r a i n f a l l information 
for water qua l i ty and runoff models, and extensive r a i n f a l l d i s t r ibu t ion data 
for the 10,500 km2 area enveloping Chicago. This was envisioned as a 5-year 
p ro jec t , and it was launched in the fa l l of 1975 with funding from the State 
of I l l i n o i s . The National Science Foundation's Program for Research Applied 
to National Needs subsequently funded a port ion of the program beginning in 
February 1976. 
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The major f a c i l i t i e s o£ Phase 2 have included the world's largest dense 
raingage network of over 320 recording raingages and a new sophist icated 
10-cm weather radar with s t a t e -o f - the -a r t signal processing and an attached 
computer tha t allow for rapid d ig i t i za t ion of r a i n f a l l data. Provisions were 
made for linking the radar-computer system with the Metropolitan Sanitary 
Dis t r ic t (MSD) Operational Headquarters to demonstrate, both local ly and 
na t iona l ly , the use of a sophist icated weather radar system in the real-t ime 
operations of an urban hydrologic system. The raingage network has furnished 
r a in f a l l data for ca l ibra t ing the radar-indicated r a i n f a l l , for t e s t i ng water 
qual i ty models, for developing new rainstorm in tens i ty models, and for 
studying localized effects on r a i n f a l l . 
Goals 
Phase 2 has proceeded with the following major goals: 
1. To develop a real-time prediction and monitoring system and 
methodology for specifying rainfall quantity over the urban 
area using a weather radar. 
2. To provide precipitation data and information for hydrologic 
and water quality models and for use in the design of 
hydrologic systems. 
3. To establish methods and techniques for transferring the 
Chicago area findings to other cities, so as to optimize 
precipitation measurement systems. 
Objectives 
A number of specific objectives were undertaken on the presently 
uncompleted Chicago Hydrometeorological Area Project (CHAP). One of these 
has focused on the development of better and more detailed rainfall relations 
for both point and areal mean rainfall so as to meet and improve design 
requirements for storm and sanitary sewer systems. This effort has utilized 
the dense raingage network data. A second objective has been to develop 
statistics on rainfall distributions, in time and space over urban and 
suburban areas of varying size, for use in various hydrologic models. 
A most important objective of CHAP has been to develop an interface for 
a digital weather radar system and the MSD water resources operational system 
so the radar results can be used by MSD personnel. Radar operations and 
signal processing have been geared to develop data which will permit 
operators in the MSD water resource system to make better decisions, both 
about the likelihood of approaching rainfall as well as the rainfall quantity 
actually occurring over various basins of the urban hydrologic system. 
The fourth objective of CHAP has involved analyses of the raingage and 
radar data so as to develop criteria for determining optimum rain measurement 
systems, involving either, or both, radar and raingages in other cities. The 
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final objective of CHAP is t rans fe r ra l of these pert inent r e s u l t s , both to 
the local and regional in t e res t s in the Chicago area, and to national 
in t e res t s in pr ivate pract ice or in governmental e n t i t i e s in urban water 
resources. 
None of these objectives could be t o t a l l y met since the project was 
funded for only two of the three desired years . The study area for CHAP is 
shown in Figure 1. The s i t e s of the 320 recording raingages are shown, along 
with the s i t e of the p ro j ec t ' s radar , labeled as HOT. 
Project Organization and Personnel 
The organizational diagram for CHAP during the 2-year grant period is 
presented in Fig. 2. The three major functions have been Operations, 
Analysis and Research, and User Interactions. Distribution of effort has 
involved about 45% in the operational area, 40% in the analysis area, and 15% 
in the user in teract ion area. The senior professional s ta f f and t h e i r 
assignments are shown in Figure 2. Detailed l i s t s of project support s t a f f s , 
including professional , junior professional and research and student 
personnel, along with the i r t i t l e s , time devoted to pro jec t , and source of 
support (State or NSF), have been provided in the previous interim reports 
and will not be repeated here . The professional s taff remained the same 
throughout the project period, and only minor changes occurred in the junior 
professional and research support s taff . No key personnel were los t during 
the two years . 
Examination of support for the research (see Annual and Interim F.eport 
dated December 1977) shows an extensive contribution of s t a t e support. 
During the two years of NSF funding (Phase 2 ) , the State of I l l i n o i s provided 
approximately 40% of the t o t a l funds. All funds expended on Phase 1 in the 
previous two years were supplied by the S ta te . 
Figure 1. Study Areas and Facilities for CHAP 
Figure 2. Organizational Chart for CHAP 
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BRIEF SUMMARY OF PROGRESS AND ACHIEVEMENTS IN CHAP 
DURING THE FIRST TWO YEARS OF NSF GRANT 
At t h e t ime t h a t funding of the g ran t t e rmina ted (31 January 1977), t h e 
work schedule and mi les tones o u t l i n e d in t h e o r i g i n a l r e sea rch proposal to 
NSF had been met. In t h e following pages , a b r i e f summary is provided of 
p rogress and achievements during the f i r s t two yea r s of the planned 3-year 
r e s e a r c h . De ta i l s are conta ined in the t h r e e previous r e p o r t s submit ted 
under ENV76-01447. 
S c i e n t i f i c Achievements 
The f i r s t t a sk completed under p r o j e c t ob j ec t i ve s was a background 
c l i m a t o l o g i c a l s tudy of heavy r a i n f a l l occurrences in t h e Chicago urban a rea 
through t h e use of h i s t o r i c a l d a t a from an urban network of 17 record ing 
gages in t h e 1949-1974 p e r i o d . This s tudy culminated in t h e p u b l i c a t i o n of a 
major r e p o r t (Huff and Vogel, 1976) t h a t has been widely d i s t r i b u t e d . This 
i n v e s t i g a t i o n served as a prologue to t h e p r e s e n t l a r g e - s c a l e f i e l d and 
a n a l y s i s program, provided usefu l background informat ion for p lanning t h i s 
program, and provided p e r t i n e n t d a t a on the c h a r a c t e r i s t i c s of heavy storms 
fo r u t i l i z a t i o n by urban h y d r o l o g i s t s . The r e p o r t was given wide 
d i s t r i b u t i o n and has brought us many favorab le comments from both 
governmental and p r i v a t e s o u r c e s . 
A second background study p e r t i n e n t to the development of our r e a l - t i m e 
p r e d i c t i o n and moni tor ing system was completed in e a r l y 1977. This s tudy 
concerned de te rmina t ion of r a d a r echo c h a r a c t e r i s t i c s a s s o c i a t e d with heavy 
r a i n f a l l r a t e s in t h e Chicago a r e a , and was based on da ta c o l l e c t e d by t h e 
Nat iona l Weather Service at t h e M a r s e i l l e s r a d a r l oca t ed 105 km SW of 
Chicago. Analyses were made of t h e frequency d i s t r i b u t i o n s of echo speed, 
d i r e c t i o n o f movement, d u r a t i o n , i n t e n s i t y , a rea l e x t e n t , and v e r t i c a l ex t en t 
in the h e a v i e r storms exper ienced in 1974-1975. The r e s u l t s a re he lp fu l in 
e s t a b l i s h i n g t h e r a d a r scanning, echo t r a c k i n g , and p r e d i c t i o n requirements 
f o r t h e r e a l - t i m e o p e r a t i o n a l system. 
In pursu ing t h e Phase 2 s t u d i e s , computer programs were developed for 
reduc ing and f i l i n g t h e ra ingage da ta on d i sks in a form convenient for use 
in the hydro log ic design s t u d i e s and fo r p o s t - a n a l y s i s in the r e a l - t i m e 
r e s e a r c h . Other programs were developed to de r ive t ime and space 
d i s t r i b u t i o n s of r a i n f a l l in heavy s to rms , for making frequency analyses in 
t h e s e s to rms , and fo r i n t e r p o l a t i o n of miss ing gage da t a which i s e s s e n t i a l 
to our hydrometeorological a n a l y s e s . Various analyses us ing t h e s e programs 
were in p rog re s s when t h e r e sea rch was s topped at t h e end of t h e second y e a r . 
A number of o t h e r computer programs needed for var ious computations in 
accomplishing Phase 2 were w r i t t e n , t e s t e d , and pu t i n t o use dur ing the grant 
p e r i o d . 
In conjunct ion with development of t h e r e a l - t i m e p r e d i c t i o n and 
moni tor ing system, analyses and eva lua t i on had p rogressed to the p o i n t where 
t h e b a s i c r a d a r adjustment procedure and t r a c k i n g programs fo r t h e t e s t s and 
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demonstration planned for 1978 had been selected. A Water Survey modified 
version of the Brandes method (Brandes, 1975) was selected as most applicable 
to the urban hydrology problem after consideration of various techniques 
presented in the literature. Various computer programs necessary to 
incorporate this computational method into the HOT radar system (FPS-18 and 
associated hardware) were nearing completion. 
Echo tracking methods were investigated and two were selected for the 
rainfall prediction scheme. System movement (squall lines, cold fronts, etc) 
are to be tracked by a lag correlation technique. Programs were written and 
preliminary testing carried out in late 1977. As a storm system closely 
approaches the urban area, a modified version of the FACE tracking program 
(Ostlund, 1974) is activated to track intense convective entities within the 
system across the urban region. Comprehensive testing and final adjustments 
remained to be completed at the end of the 2-year grant period (31 January 
1977). 
Initial testing of the modified FACE program for echo tracking and 
analysis was accomplished in late 1977 and early 1978 (see Third Interim 
Report, dated April 1978). Results indicated that this echo tracking program 
can be used for real-time operations, but some further refinement and testing 
of the tracking procedures would be desirable before putting it in to routine 
use. This additional work could not be carried out without the third-year 
funding. It was concluded that the radar rainfall field must be monitored at 
intervals of 15 minutes or less for effective utilization of radar in 
real-time operations. 
In general, it appears from preliminary testing that the lag correlation 
method (see Third Interim Report) provides a good estimate of echo 
velocities, particularly in the relatively heavy storms which tend to move 
more uniformly than light storms. The heavy storms, of course, are those of 
major interest in the urban hydrologic applications. However, before putting 
this method into routine operation, it would be necessary to implement the 
present simple system with provisions for computing areal and rain intensity 
growth with time, velocity smoothing at the beginning and end times, and some 
form of compensation for problems that arise at the grid square edges in the 
present computational method. With certain additions and modifications, it 
is concluded that the lag correlation method could be successfully used in 
the manner originally planned; that is, for prediction guidance as a storm 
approaches the urban area. These changes remained to be made at the end of 
the first two years. 
Two of the proposed studies to develop pertinent meteorological 
information for hydrologic design purposes were completed at the end of the 
first two years. These included 1) the orientation and shape of heavy 
rainstorms, and 2) the relation between point and areal mean rainfall 
frequencies. Also, detailed studies were made of several severe rainstorms 
that were flash flood producers on the CHAP Network during 1976-1977. These 
provided much information of hydrologic significance. 
Other hydrometeorological studies were in progress as of 31 January 
1977, and were scheduled to be completed in the third year of the project. 
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These included studies of the synoptic weather associated with heavy storms, 
the time distribution characteristics of storm rainfall, the spatial 
distribution properties of storm rainfall (area-depth relations), the 
frequency distribution of heavy rainstorm events, and the characteristics of 
storm movements in flash-flood storms. Some initial analyses had also been 
undertaken to define antecedent rainfall conditions associated with heavy 
storms and the frequency of dry periods between storm rainfall periods 
(pollution application). 
Operational-Technical Achievements 
This sizeable project has had major field efforts involving the 
installation, operation, and maintenance of weather equipment. Also involved 
has been special equipment development and testing. These major achievements 
are listed below. 
1. Siting of 320 raingages at locations of similar exposure and 
arrangements with owners of each site completed. 
2 
2. Ins ta l la t ion of 320 raingages in a 10,500 km area completed in four 
months. 
3. Continuous operation of 320 raingages from June 1976 with 15 months 
data acquired. Quality control is high with only 3 to 4% data missing 
in any week. 
4. Erection of radar facility (building constructed, cement antenna 
foundation poured, radome erected, trailers installed, and power 
lines installed) plus installation of all radar-computer equipment 
completed in 1976. 
5. Communication system components and computer memory equipment ordered, 
equipment received, and interfacing with the existing radar-computer 
system constructed and completed in 1977. 
6. Raingage data for first 15 months all edited, digitized, and 
processed. 
7. Two periods (3- and 4 1/2 months) of radar operations completed. 
8. Installation of equipment for transmission to MSD of rain estimates 
completed and communication system operational; radar software for 
use at radar site and for data display at MSD offices completed; 
and selected rain cases transmitted in real-time during November 1977. 
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PREDICTION AND MEASUREMENT OF STORM RAINFALL WITH 
RADAR AND RAINGAGES 
The combination of radar and raingages is essential to the real-time 
prediction and monitoring of storm rainfall in urban areas. Radar provides 
the major input to the prediction of storm behavior by measuring such properties 
as the motion, duration, horizontal and vertical extent, changes in relative 
intensity, and the fine-scale structure of the rainfall distribution pattern. 
In the absence of a dense raingage network, radar also provides useful 
quantitative measurements of the rainfall in time and space. Our studies 
indicate that dense raingages in which telemetered raingages are spaced no 
more than 5 to 8 km apart will provide quantitative measurements that are 
superior to those obtained with radar alone and equivalent or superior to 
those determined with radar adjusted by widely scattered raingages. 
Ideally, one would employ both radar and a dense network of telemetered 
raingages to optimize prediction, monitoring, and measurement of rainfall in 
storms as they approach and cross the urban area. However, such raingage 
networks are usually not employed in urban areas because of various problems, 
such as cost, difficulty in achieving proper gage exposures, and limited 
applicability in prediction (which is a most important factor in effective 
operation of urban hydrologic systems). From our research, we have concluded 
that the best and most practical solution to the urban problem is use of 
radar in conjunction with a moderate network of raingages to adjust the 
radar-indicated rainfall. This is the type of system we had planned to test 
and demonstrate in the third year of the CHAP project, and which our research 
indicates would provide an effective prediction-monitoring system for the 
operation of urban hydrologic systems in Chicago and other large metropolitan 
areas. 
Measurement of Rainfall Intensity for Real-Time Prediction and Monitoring 
The 1976-1977 CHAP analyses have led to certain tentative conclusions 
and recommendations regarding criteria for quantitative estimates of rainfall 
intensity within operationally acceptable limits. For prediction purposes, 
it is essential to have quantitative estimates of rainfall intensity in 
storms before they reach the urban area. For this purpose, our studies 
indicate in the Midwest one should have telemetered recording gages spaced 
approximately 16 km (10 mi) apart. The average measurement error in 
radar-indicated rainfall should then not exceed 30% which will be very useful 
for predicting rainfall expected over the urban area. These gages should be 
located within distances of 30-35 km (20 mi) in the directions from which 
most storms move. This would be from south through west to northwest in the 
Chicago region. Installation of the telemetered gages would be required by 
the city, since the raingage density of the climatic network of the National 
Weather Service does not meet these specifications. For initial estimates of 
the rainfall beyond the telemetered gages, use should be made of a 
climatic-derived, radar-rainfall equation for the region of interest. This 
would be an equation containing an average adjustment factor for the 
radar-observed rainfall field, based upon observed relationships between 
unadjusted radar and raingage measurements of rainfall. 
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Within the urban area, greater accuracy in the measurement of r a in fa l l 
would be needed than in the periphery region where the measurements would be 
primarily for predict ion purposes. Here, our studies indicate the 
telemetered raingage density should be increased to one gage every 8-11 km 
(5-7 mi) if poss ib le , so as to keep the average measurement e r ror at 20% or 
l e s s . However, even a lesser density, such as recommended for the 
surrounding rura l area, would be quite helpful in in terpre t ing the ra in fa l l 
in tens i ty d i s t r ibu t ion within the urban area. In urban areas , a major 
problem is obtaining proper exposure for raingages because of the bui l t -up 
areas , and measurement accuracy deter iorates qui te rapidly when sa t i s fac tory 
exposure c r i t e r i a are not met. 
Another important finding from our studies to date is tha t with an 
effective radar adjustment procedure, measurement accuracies for 30-minute 
amounts are approximately the same that others have found for total storm or 
daily rainfall (Wilson, 1976). The spa t ia l r e la t ive va r i ab i l i t y is normally 
greater within p a r t i a l storm than in to ta l storm per iods. This resu l t s in 
greater sampling errors when measurements are required over short i n t e rva l s , 
such as the 30 mintues being used in the CHAP project . Measurements over 
short time in tervals are essent ia l for effective operation of urban 
hydrologic systems. 
Accuracy of Radar Measurements of Rainfall 
Much debate has ensued in the meteorological community with regard to 
how well one can measure r a in fa l l amounts and ra tes with radar in combination 
with raingages. Our CHAP studies have provided considerable information on 
th i s subject. Our resu l t s suggest that under real- t ime operational 
conditions, where fine tuning of the radar-indicated r a in fa l l is not 
feas ib le , an average er ror of estimate of approximately 20% is about the best 
tha t can be achieved. This e r ror is based upon 30-minute and 60-minute 
measurements of average r a in fa l l in tens i ty during 1976-1977 over areas 
ranging from 500 to 2000 km2. 
A major problem in evaluating the accuracy of radar measurements of 
r a in fa l l is the comparison base to be used. Should the best estimate of the 
areal mean r a i n f a l l be that obtained from a dense network of raingages, and 
radar accuracy then evaluted against t h i s value? Or, should we assume the 
radar-indicated r a in fa l l a f ter adjustment with data from a dense raingage 
network provides a more accurate spa t i a l portrayal of the r a in fa l l 
d is t r ibut ion than tha t obtained with the dense raingage network alone? This 
comparison base assumes tha t the continuous spa t i a l d is t r ibut ion provided by 
the gage-adjusted radar is be t t e r than the interpolated pat tern obtained from 
the raingage network. 
Difference in measurement accuracy with the two methods are i l l u s t r a t e d 
in Table 1, through the use of eight storms analyzed for the 1977 operational 
period on the CHAP Network. The upper port ion of the table shows average 
measurement er rors when the radar was adjusted with the ful l -densi ty network 
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Table 1. Average Measurement Er ro r s in 30-minute Ra infa l l Using Various 
Combinations of Radar and Raingages. 
Average Er ro r (%) f o r Given Measurement 
Radar Comparison Base 
5 35 0 18 
7 35 14 18 
10 35 19 23 
12 35 28 32 
14 35 31 30 
17 35 28 31 
Raingage Comparison Base 
5 35 18 0 
7 35 23 13 
10 35 27 20 
12 35 32 27 
14 35 36 27 
17 35 32 30 
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(1 gage/5 km) which is assumed to be the best estimate of the "true" 
rainfall. The lower portion of the table shows similar tabulations when the 
mean obtained from the full-density gage network alone is assumed to be the 
best available estimate of the actual rainfall in the sampling areas. The 
first column shows the gage density employed in each computation. The second 
column shows the average error when the radar-indicated rainfall is not 
adjusted with raingage values. The third column shows the adjusted radar 
estimate with each method, and the fourth column indicates the average error 
with various densities of raingages. As found throughout the study, the 
least accurate measurements occur with the unadjusted radar. The size of the 
adjusted radar and the raingage errors is strongly dependent upon the 
comparison base. 
Adjustment of Radar Rainfall Estimates by a Sequential Analysis Technique 
Cain and Smith (1976, 1977) have developed a sequential analysis 
technique to be used with real-time raingage and radar data for adjusting 
radar-indicated rainfall estimates. The technique is claimed to have some 
advantages over other methods of adjusting radar estimates of rainfall. For 
example, it does not react to random, inherent variability of short duration 
that frequently occurs when comparisons are made between radar-indicated and 
raingage-indicated rainfall. The technique requires constant monitoring of 
the radar and raingage estimates of rainfall. Sequential tests are performed 
on the data and the radar estimates are adjusted only when systematic 
errors are indicated by the test. 
During the flexibility period of the present grant, this new technique 
has been investigaged through use of 12 storms from the 1976-1977 CHAP 
Network to evaluate it against the Brandes technique. However, further work 
needs to be completed before a final decision can be reached concerning the 
applicability of the Smith technique in the real-time operation of urban 
hydrologic systems. Early indications are that the residual error in the 
rainfall estimates will not be an improvement on that obtained by the Brandes 
method, and the operational time required for the technique to reach a 
decision on whether the radar-rainfall estimates are acceptable or need 
adjustment appears to be too long. For instance, some results indicate that 
as much as 2-3 hours will elapse before reaching a "reject" decision. This 
would mean that all estimates in the previous 2-3 hours are incorrect and 
need to be revised. This could present a very serious problem in real-time 
operations especially when one considers that many intense storms do not last 
more than 2-3 hours in an urban area. However, further evaluation may show 
that "fine tuning" of the technique will force it to render decisions more 
often and thereby reduce the radar-rainfall estimate errors. The modified 
Brandes technique used in CHAP overcomes the foregoing time correction 
problem. 
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HYDROMETEOROLOGICAL STUDIES USING NETWORK RAINFALL DATA 
Orientation and Shape of Heavy Rainstorms 
Results of studies to define the distribution of storm orientation and 
shape in heavy rainstorms in the CHAP Network were presented in the Third 
Interim Report (Changnon, et al., 1978). It was found that the most frequent 
orientation of the major rain axis was from W-E and nearly 67% of the 
relatively heavy storms moved from SW, WSW, or W. The most common storm 
shape was found to be elliptical, followed closely by those storms that are 
multicellular in character. In general, storm orientation and shape in the 
CHAP storms were similar to those found for other areas of Illinois from 
earlier network studies (Stout and Huff, 1962; Huff, 1967; Huff and 
Schickedanz, 1970; Huff, 1978). The Illinois results are considered 
representative of the Midwest, since similar storm conditions prevail 
throughout this relatively large region of the country. Therefore, results 
can be used as a guide in hydrologic design for both urban and rural areas of 
the Midwest. No evidence was found for significant differences in storm 
shapes and orientation between urban and rural areas, based upon the CHAP 
results and the earlier network studies by the Water Survey. 
Relation Between Point and Areal Mean Rainfall Frequencies 
Results of the study of the relationship between point and areal mean 
rainfall frequencies were presented in the last interim report, and will only 
be briefly summarized here. This relationship is very useful in deriving the 
frequency distribution of areal mean rainfall for which a great need exists 
in urban hydrologic design problems. The method makes use of long-term 
records of point rainfall in conjunction with much shorter records of areal 
mean rainfall to establish the frequency distribution of areal mean rainfall 
in storms of various duration over areas of various sizes. In our study, the 
CHAP results were found to agree with earlier studies of the Water Survey on 
other Illinois raingage networks. Furthermore, no evidence has been found 
that the urban and rural relations differ significantly. Table 2 summaries 
results of these studies in a general form which can be applied by the 
hydrologist and others for use in midwestern areas. 
Use of Table 2 is illustrated by the following example. Huff and Vogel 
(1976) have indicated that the 6-hour heaviest rainfall to be expected on the 
average of once in 10 years in the center of the Chicago urban area is 81 mm 
(3.2 in), based on long-term point rainfall records. Assume one wishes to 
determine the equivalent mean rainfall over an area of 200 km2 in the same 
region. Referring to Table 2, the 6-hour, 200-km2 ratio is 0.90. 
Multiplying 81 x 0.90 yields the desired value of approximately 73 mm. 
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Table 2. Ratio of Areal Mean to Point 
Rainfall Frequencies in Heavy Storms. 
Storm 
Period Ratios for Given Area (km2) 
(hours) 25 100 200 500 1000 
1 0.92 0.85 0.79 0.74 0.70 
3 0.96 0.92 0.89 0.84 0.81 
6 0.97 0.94 0.90 0.87 0.84 
12 0.98 0.96 0.92 0.90 0.88 
24 0.98 0.97 0.94 0.93 0.91 
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Synoptic Types Associated with Heavy Rainstorms 
Huff and Vogel (1976) made a study of synoptic weather conditions 
associated with heavy 1-day storms in northeastern I l l i n o i s , based upon 
h i s t o r i c a l data on point r a in fa l l in the 1949-1974 period. They found tha t 
cold fronts and squall l ines (usually pre-cold frontal) were most frequently 
associated with the heavy storms. Huff and Changnon (1972) found tha t cold 
fronts were the most frequent synoptic type associated with a l l i n t ens i t i e s 
of rainstorms. These evaluations were based upon use of daily weather maps 
of the National Weather Service (NWS). 
As pa r t of the CHAP program, more comprehensive analyses were made of 
the association of heavy rainstorms and synoptic weather condit ions, through 
use of the much more detai led r a in f a l l data from the 320-gage network. 
Furthermore, a more deta i led c las s i f i ca t ion of synoptic storm types was used 
than in the two e a r l i e r s tud ies . 
In the CHAP study, analyses were limited to those storms in which one or 
more raingages within the network recorded ra in fa l l of 25 mm (1 inch) or 
more. The synoptic storm types were the same as those used in the METROMEX 
studies at St. Louis (Changnon et a l . , 1977). These consisted of seven major 
rain-producing storm types defined as follows. 
Squall Line Storms. A nonfrontal group of thunderstorms accompanied by 
a t r i gge r mechanism, usually a short wave trough. The convective ac t iv i ty 
associated with the storm systems was intense, well-organized, and often 
times was arrayed in a narrow band or l ine of act ive thunderstorms. 
Squall Zone Storms. A mesoscale system of thunderstorms organized into 
an area or c lus ter and independent of a frontal zone. These storms, l ike 
squall l i n e s , tended to move across large regions of the Midwest, and an 
upper-air impulse was usually d i scern ib le . 
Frontal Storms. Prec ip i ta t ion formed within 120 km (75 mi) of a surface 
front (cold, s t a t i c , or warm). There was no synoptic evidence tha t t h i s 
p rec ip i t a t ion was associated with a squall l ine or squall zone which, on 
occasion, moved 40 km (25 mi) or more ahead of the f ronts . 
Pre-Frontal and Post-Frontal Storms. Prec ip i ta t ion associated with a 
frontal s t ructure but at a distance of 120 to 240 km (75 to 150 mi) ahead or 
behind a front (cold, s t a t i c , or warm). 
Air Mass Storms. A shower or thunderstorm generated within an unstable 
a i r mass. No large scale or mesoscale synoptic causes were evident . The 
re su l t ing convective ac t iv i ty was usually widely scat tered to scat tered and 
weak. 
Low Pressure Storms. A cyclonic storm s i tua ted so close to the research 
area tha t it was not possible to associate the p rec ip i t a t ion with a frontal 
or mesoscale weather s t ruc tu re . These systems are rare during the summer 
months. 
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Th ere were 46 storms sampled in the 2-year period. The frequency of 
each storm type and its percent of the total occurrences are shown in Table 
3. This table shows that the relatively heavy storms during 1976-1977 were 
most frequently associated with squall zones, squall lines, and cold fronts. 
In fact, these three types accounted for 83% of the cases. Squall zones were 
not included in the earlier storm classifications by Huff and Vogel (1976) 
because of difficulty in identifying them on the NWS daily maps. It is 
likely that part of the squall zones were identified as air mass storms or as 
frontally-associated storms in the coarser classification. Allowing for 
this, both studies show that the combination of cold fronts and squall lines 
were associated with nearly 50% of the rainstorms. Heavy storms are usually 
associated with organized storm systems and cold fronts, and pre-frontal 
organized lines or zones are the most favored breeding places for these 
storms. 
These findings also agree with those from the METROMEX program which 
showed that heavy convective entities were most commonly associated with cold 
fronts, squall lines, and squall zones (Huff, 1977). Among raincells 
producing rainfall of 6 mm or more in the five summers of 1971-1975, 89% 
occurred with cold fronts, squall lines, and squall zones. Only 3% occurred 
with unorganized air mass storms. 
Thus, the results of the CHAP, METROMEX, and other Water Survey studies 
of synoptic conditions associated with heavy rainstorms leads to the 
conclusion that the flash-flood storms in Illinois and the Midwest are 
usually associated with organized convective activity which is most 
frequently associated with cold fronts and squall systems in advance of 
fronts. Except over very small areas, flash-flood storms are seldom 
associated with unorganized air mass activity. No evidence was found for 
difference between urban and rural areas with respect to synoptic weather 
systems that produce these storms. 
Spatial Distribution of Storm Rainfall 
As part of the CHAP research, the space and time distributions of 
rainfall in heavy storms has been investigated. Knowledge of the space and 
time characteristics is of paramount importance in solving certain hydrologic 
problems, such as the design of urban storm sewer systems and evaluating the 
flood potential of various types of storms. Much of this work was intended 
for the third year of the project when the sampling of convective season 
storms would have been completed. 
Area-depth curves are frequently used to portray the spatial 
distribution properties of heavy storm rainfalls, since they provide a simple 
mathematical expression of the spatial distribution. Two types of area-depth 
curves are employed. The most frequently used type, which is referred to as 
the standard curve henceforth, is constructed by planimetering storm 
isohyetal maps and summarizing the areal mean rainfall from the storm center 
outward (high to low values). The y-intercept of the curve represents the 
maximum point rainfall and the last point on the curve is the areal mean 
rainfall. The slope of the standard curve provides a measure of the gradient 
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Table 3. Synoptic Weather Types Associa ted with 
Heavy Rainstorms on CHAP Network, 1976-1977 
Synopt ic Percent of 
Type Frequency Tota l 
Cold Front 10 21 .7 
Warm Front 3 6 .5 
S t a t i c Front 5 10.9 
Squal l Line 13 28 .3 
Squal l Zone 15 32.6 
Low Pres su re Center 0 0 
Air Mass 0 0 
-19-
of near r a in fa l l in the storm. The area-depth envelope curves display the 
area enveloped by point r a in f a l l values of various magnitude from the storm 
center outward, ra ther than the mean r a in fa l l over the enveloped area, as is 
done with the standard curve. The y- in tercept indicates the maximum point 
r a i n f a l l , the l a s t point on the curve is the minimum point r a i n f a l l , and the 
envelope slope is a measure of the point r a in fa l l gradient in the storm. 
For hydrologic purposes, there is l i t t l e in te res t in l ight r a i n f a l l s , 
since s t ructures are designed to s tore or divert excess water in heavy 
storms. Therefore, in the CHAP study, we have limited our analyses to those 
storms which produced mean r a in fa l l s of 12.5 mm (0.50 in) over one or more 
subareas within the CHAP network. During 1976-1977 operations, 25 storms 
qualif ied for inclusion. These storms had network durations of 3 to 18 
hours, and 72% lasted less than 12 hours. Area-depth re la t ions were 
developed for 22 subareas within the CHAP network. Each of the 25 storms 
qualif ied on several subareas, so that a t o t a l of 242 subarea samples were 
obtained in the 2-year sampling period. The subareas ranged in s ize from 280 
km2 (108 mi2) to 2564 km2 (990 mi2) . 
The storm area-depth relat ions for 1976-1977 were grouped according to 
area, and mean re la t ions developed for each s ize of area. Further s t r a t i f i-
cation according to storm mean r a i n f a l l , storm duration, and other parameters 
was not possible with the 2-year sample. The mean curves provide a f i r s t 
estimate of typical area-depth re la t ions in the Chicago region, and are also 
useful for comparison with resu l t s of area-depth studies made for other areas 
in e a r l i e r Water Survey s tud ie s . No effort was made to separate urban, 
suburban, and rura l subareas, since inspection did not indicate s igni f icant 
var ia t ion in area-depth charac te r i s t i cs between these regions. 
Figure 3 shows a family of standard area-depth curves derived from the 
2-year sample for areas of differing sizes and Figure 4 shows s imilar curves 
for envelope area-depth r e l a t i o n s . In Figure 3, the area-depth r a t i o is 
defined as the r a t i o of the mean ra in fa l l over the given p a r t i a l area to the 
mean ra in fa l l for the en t i re area. Similarly, the area-depth envelope r a t i o 
is defined as the r a t i o of the point r a i n f a l l enveloping the given p a r t i a l 
area to areal mean r a i n f a l l . The ra t ios are used to noramlize data from 
storms of varying ra in fa l l i n t ens i ty . The mean curves in Figures 3 and 4 are 
closely f i t t e d by a square-root re la t ion of the general form: 
where, Y is prec ip i ta t ion depth, X is area , and a and b are regression 
constants . This equation has been found to correspond frequently to the 
r a in fa l l spa t ia l d i s t r ibu t ion in thunderstorm ra infa l l on small areas (Huff 
and Stout , 1952). Later research on other dense raingage networks in 
I l l i n o i s ver i f ied the foregoing general equation as providing the overall 
best f i t , but also revealed tha t the spa t i a l d is t r ibut ion varies with several 
storm fac tors , such as basin s i ze , mean r a i n f a l l , ra in duration, 
p rec ip i ta t ion type, and synoptic storm type (Huff, 1968). Thus, the 
d i s t r ibu t ion equation may vary considerably between individual storms. In 
the very intense storms which have a recurrence interval of once in two years 
or longer in a given location, the b e s t - f i t equation was found to be of the 
form: 
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Figure 3. Average Area-Depth Relations for CHAP Storms Having 
Areal Means of 12.5 mm or More During 1976-1977. 
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Figure 4. Average Area-Depth Envelope Relations for CHAP Storms 
Having Areal Means of 12.5 mm or More During 1976-1977. 
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The above form for intense storms in the Chicago region was ver i f ied in the 
i n i t i a l CHAP study (Huff and Vogel, 1976). The Huff and Vogel relations are 
recommended for hydrologic design uses in the Chicago urban area. Most of 
the 1976-1977 storms were not extreme events, and th i s accounts for the more 
common form of the re la t ionship found in t h i s period. 
The area-depth re la t ionships developed from the CHAP studies can serve 
as a guide for hydrologists concerned with urban design of hydrologic 
s t ruc tu re s . It would be most desirable to continue th i s type of study on the 
large CHAP network, and to combine the CHAP findings with those obtained from 
the METROMEX Network of 1971-1975 in the St. Louis region. This had been 
planned as par t of the th i rd-year effort of the CHAP research. 
Time Distribution of Storm Rainfall 
Time d i s t r ibu t ion analyses performed to date on the 2-year sample of 
rainstorms on the CHAP network have not indicated any s ignif icant differences 
from those found with a large sample of ru ra l storms in central I l l i n o i s 
(Huff,, 1967), and from limited analyses of heavy storms in the Chicago 
region which was summarized in the f i r s t CHAP report (Huff and Vogel, 1976). 
Therefore, the reader is referred to the Huff and Vogel report for a summary 
of the time d i s t r ibu t ion cha rac te r i s t i c s of storms tha t is applicable to 
hydrologic problems in the Chicago area, and to the e a r l i e r Huff paper for a 
more detai led discussion and descript ion of storm dis t r ibu t ion 
cha rac te r i s t i c s in midwestern storms. 
In general, no evidence has been found that the time d i s t r ibu t ion 
charac te r i s t i c s of storms vary s ign i f ican t ly between urban and the 
surrounding rura l a reas . Also, no substant ia l differences are evident in the 
time d i s t r ibu t ion proper t ies obtained from dense networks in various areas of 
the s t a t e . I t is our conclusion that the basic d is t r ibut ion proper t ies are 
e s sen t i a l ly equivalent throughout the Midwest and other areas of s imilar 
p rec ip i t a t ion climate. Therefore, the I l l i n o i s findings should have wide 
applicat ion in those areas where warm-season, convective storms are the 
primary cause of f loods. 
Gage Density Requirements 
One of the objectives of the CHAP research has been to determine 
raingaging requirements for 1) use in combination with radar in rea l - t ime, 
prediction-monitoring systems, and 2) providing data for urban hydrologic 
design purposes. In the CHAP s tud i e s , emphasis has been placed upon gage 
density requirements for the measurement of 30-minute and 1-hourly r a in f a l l 
amounts. These are time periods which must be used in the 
prediction-monitoring system which we have developed. Furthermore, there is 
a need for evaluating sampling e r rors in these periods for cer ta in hydrologic 
design appl ica t ions . There has been considerable work done in the past in 
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determining sampling errors (Linsley and Kohler, 1951; Huff and Ne i l l , 1957; 
McGuinness, 1963; Huff and Schickedanz, 1970), but emphasis has been on the 
measurement of storm mean ra in fa l l rather than on intervals within storms. 
The gage density studies have not been completed at th i s time, since the 
analysis program was designed to u t i l i z e the 3-year data bank tha t would have 
been available at the end of the projec t , as or ig ina l ly planned. However, 
considerable information has been derived on sampling errors from data 
analyzed in development of the prediction-monitoring system. Gage density 
requirements for operation of th i s system were summarized e a r l i e r in th i s 
report in the section dealing with the prediction and measurement of storm 
r a i n f a l l with radar and raingages. 
In the CHAP analyses, we have calculated the sampling errors by two 
methods. F i r s t , we computed the sampling errors for a given area, such as 
the Chicago urban area, in which the errors were based on using a l l observations 
in the ta rget area, including those s ta t ions with no r a in fa l l during a 
pa r t i cu l a r sampling period (Method A). The derived re la t ions have 
application in some hydrological problems and in various other f i e l d s . 
However, for the prediction-monitoring system and other hydrologic uses, it 
is most important to measure the r a in fa l l only within the region where ra in 
is actual ly f a l l i ng (Method B). This is where we have concentrated our 
a t t en t ion . Computations have been made for consecutive in tervals of 30 
minutes and 60 minutes within storms and for t o t a l storm r a i n f a l l . 
Results obtained to date with Method B are summarized in Table 4, where 
average sampling errors are shown for various gage spacings on areas of 500 
to 1500 km2 for 30-minute, 60-minute, and t o t a l storm r a i n f a l l . The re su l t s 
are derived from 12 storms for which 92 samples of 30-minute amounts and 51 
samples of 60-minute amounts were avai lable . Only amounts that equalled or 
exceeded 2.54 mm (0.10 in) were used in the analyses, since l ight amounts are 
not s ignif icant in the type of hydrologic applications being studied in t h i s 
pro jec t . This , of course, l imits the number of samples greatly in any given 
period, since most r a in fa l l amounts during in tervals of 30 to 60 minutes are 
less than the base used here . 
Table 4 can be used by urban hydrologists as a guide in determining 
raingaging requirements for various appl icat ions . The sampling e r ror t ha t is 
acceptable wi l l vary, depending upon the accuracy requirements of the 
pa r t i cu l a r appl icat ion. For most needs, it is l ike ly that gage spacings of 5 
to 10 km would be acceptable. If i n t e re s t is limited to to t a l storm ra in fa l l 
over areas of 500 to 1500 km2, gage spacing of 10-15 km should be adequate. 
Table 5 shows average sampling errors derived from the 12-storm sample 
with Method A. Sampling errors for 30-minute and 60-minute in te rva l s were 
combined because differences were so small with t h i s method. Because of the 
inclusion of zeroes in the averaging, the errors are smaller than with Method 
B for measurement in tervals of 30 to 60 minutes. However, there are no 
s ignif icant differences in the t o t a l storm values, because zeroes are 
infrequent within areas of the s ize sampled here over a t o t a l storm period. 
Comparison of the t o t a l storm errors in Tables 4 and 5 with those obtained 
from a much larger sample of network storms in an e a r l i e r Water Survey study 
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Table 4. Average Sampling Er rors wi th Method B on Areas of 
500 - 1500 km2 in Convective Storms. 
Average Sampling Er ro r (%) for Given Measurement I n t e r v a l 
Gage 
Spacing 30-Min 60-Min Total 
(km) I n t e r v a l s I n t e r v a l s Storm 
5 7 5 2 
7 10 7 3 
10 14 11 5 
15 22 16 9 
20 29 22 13 
25 36 29 17 
30 43 35 22 
30 50 41 27 
40 57 47 32 
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Table 5. Average Sampling Errors with Method A on Areas of 
500 - 1500 km2 in Convective Storms. 
Average Sampling Error (%) for Given Measurement 
Interval 
Gage 30- to 
Spacing 60 min Total 
(km) Intervals Storm 
5 2 2 
7 4 3 
10 6 4 
15 10 8 
20 15 12 
25 21 17 
30 27 23 
35 34 29 
40 41 35 
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(Huff, 19 70) show tha t the 1976-1977 CHAP values are typica l of those 
obtained in warm-season convective storms. Where primary i n t e r e s t is in 
t o t a l storm r a i n f a l l , the above reference paper provides measurement errors 
under various types of condit ions, and can be used as a guide by the urban 
hydrologist , since urban-rural differences in measurement errors should be 
nearly equivalent . 
Location of Heavy Rainfall Centers 
In the i n i t i a l CHAP study, h i s t o r i ca l r a i n f a l l data for s ta t ions within 
and surrounding the Chicago urban area were used to invest igate whether heavy 
rainstorms tended to be centered more frequently in cer ta in areas (Huff and 
Vogel, 19 76). The hypothesis was that the urban effect might resu l t in more 
frequent storm centers in or downwind of the c i t y , similar to the s i tua t ion 
found at St. Louis (Changnon, et a l . , 1977). Results indicated a d i s t i nc t 
trend for more centers over the metropolitan area and in the region 
immediately S and SW of the c i t y . 
The 2-year sample of CHAP network data was used to explore further the 
d i s t r ibu t ion of storm centers . However, the sample of heavy storms was 
r e l a t i ve ly small . Analyses of those storms in which maximum amounts exceeded 
25 mm (1 inch) provided no strong evidence of a preferred area for heavy 
storm centers to occur. There was s l igh t support for an above-average 
frequency immediately south of the urban area where a preferred region had 
been ident i f ied in the h i s t o r i c a l study. An urban-induced increase in storm 
centers would be d i f f i cu l t to detect with a raingage network in the Chicago 
area. With most frequent storm movements from SW, W, and NW, the urban-
re la ted maximum would most l ike ly occur very near or over the lake. At St . 
Louis, the urban-induced r a i n f a l l maximum occurred 25-30 km NE of the central 
c i ty (Changnon, et a l . , 1977). 
Antecedent Rainfall Associated with Heavy Rainstorms 
The amount of r a in fa l l preceding heavy storms is of major importance in 
both flood predic t ion on a real- t ime basis and in the design of hydrologic 
s t ruc tu re s . For design purposes, the probabi l i ty d i s t r ibu t ion of r a i n f a l l 
amounts for several days preceding a heavy storm event is of prime concern. 
Data for the CHAP network and other dense networks that have been operated by 
the Water Survey in I l l i n o i s in the past 25 years are being combined to 
provide an answer to t h i s problem. This study has not been completed, but 
preliminary r e su l t s are presented here as an i n i t i a l guide to the urban 
hydrologist . 
Our analyses were confined to the warm season from mid-April to 
mid-October when convective r a i n f a l l predominates and most of the flash-flood 
storms occur in I l l i n o i s and the Midwest. Probabil i ty d i s t r ibu t ions were 
derived for 1 to 10 days preceding a l l storms in which the network mean 
ra in fa l l equalled or exceeded 25 mm (1 inch). At th i s t ime, d i s t r ibu t ions 
have been computed for areas ranging in s ize from 25 km2 (10 mi2) to 1000 km2 
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(approximately 400 mi2). These are areas which are of major interest in 
urban and small watershed hydrology. 
Preliminary results are shown in Table 6 which presents probabilities 
for selected areas of 25, 250, and 1000 km2 during antecedent periods of 1 to 
10 days. These should be considered first approximations that may be 
modified as more analyses are completed. Amounts in the table were 
abstracted from probability curves derived for each specified situation. 
Table 6 shows that the antecedent rainfall tends to be greater as the 
sampling area increases. This is related to a strong trend for heavy 
convective storms on the larger areas to be associated with organized 
convective activity of a macroscale nature and to occur during periods of 
relatively heavy rainfall in the general region. Whereas a single airmass 
shower of strong intensity could produce a 25-mm mean on 25 km2, it would 
require a storm system of considerable areal extent to produce a mean of this 
magnitude over 1000 km2. Intense, isolated airmass showers frequently 
develop in summer during periods when rainfall is not widespread. 
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Table 6. Probability Distributions of Antecedent Rainfall for 
1 to 10 Days on Selected Areas in Storms Producing Mean 
Rainfall of 25 mm or More. 
Average Rainfall (mm) Equalled or Exceeded 
for Given Antecedent Period and Area (km2) 
Probability 1 Day 2 Days 3 Days 
% 25 250 1000 25 250 1000 25 250 1000 
5 27 35 45 38 43 51 42 48 55 
10 15 21 29 24 31 36 28 35 41 
20 6 9 14 10 17 21 14 20 25 
30 2 3 7 4 9 13 7 12 16 
40 3 4 8 3 6 10 
50 4 3 6 
5 Days 10 Days 
25 250 1000 25 250 1000 
5 51 58 63 79 86 90 
10 38 43 51 61 67 72 
20 25 29 37 43 48 56 
30 17 21 25 33 36 44 
40 11 14 18 25 28 35 
50 6 9 12 19 21 28 
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UTILIZATION EFFORT 
Introduction and Users 
This project, as designed, was an ideal science-to-technology effort, 
made to order for the aims of the Foundation's RANN Program and those of the 
Illinois State Water Survey. The project had two main phases, each requiring 
a different type of information transfer and thus a differing utilization 
effort. The user audience differed but was largely within the water 
resources and engineering communities. 
The phase of CHAP dealing with areal rainfall frequencies (from the 
raingage data) had water resource design and modeling implications for the 
hydrologic community. These issues were primarily concerned with 1) storm 
drainage and sewer designs to estimate better the time and space variations 
likely to be encountered in large urban areas, and 2) the use of real data in 
complex hydrologic models such as those being used to develop strategies 
required to meet EPA water quality standards under the "208 Plan." Thus, the 
users were design engineers (both private and governmental), modelers of 
urban water resource systems (private and institutional), and state and 
federal decision makers involved in the meeting of standards (HUD and EPA). 
The other phase of CHAP dealt with the use of a weather radar in 
conjunction with raingaging facilities in the operation of a complex water 
resources system in large urban areas, such as Chicago. It was aimed at 
demonstrating the utility of such an approach to those who 1) operate large 
urban systems, and 2) the decision makers who design and plan for future 
operational systems. The need here was to prove, primarily to the sizeable 
engineering community of Chicago, the great advantages of the radar-rainfall 
measuring system, and to let them help us "sell the product" to 
engineer-operations elsewhere. 
Although the audiences for the results of these two phases differed in 
their engineering-hydrologic specialities, they were all within the large 
community of water resource experts and could be reached through the 
literature common to all. The users of the results and developments of the 
project were classed into local groups, and into national and international 
groups. 
The utility of the project and its products has already been recognized 
at the national level. President Carter commissioned a 1977 study of the 
nation's water problems, and national experts helped OSTP draft a report to 
the President's Policy Committee. This 1978 report is entitled 
Scientific and Technological Aspects of Water Resources Policy, and in its 
text on "Urban Water Programs" states "The space and time resolution of most 
of the precipitation gauge networks throughout the nation is quite inadequate 
to permit interfacing with the kinds of sophisticated urban runoff and water 
quality models needed. There are a few examples of dense hydrologic 
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networks, installed near large cities and including radar equipment as well 
as recording and telemetering raingauges, that meet these needs. However, 
these installations and their supporting organizations have begun to pay off 
very effectively in terms of improved urban catchment control. Notable among 
these is the Chicago Hydrometeorological Area Project (CHAP)." 
This reveals the extent of the information transfer already accomplished 
in two years and reflects on the vitality and value of the project and its 
products. 
Means of Information Transfer 
Certain of the information and techniques developed in the proposed 
project are at the forefront or "cutting edge" of urban hydrology. 
Pioneering information normally has a limited user application; it is usually 
readily accepted only by outstanding engineers and in this specific case, by 
cities like Chicago and San Francisco, which have sophisticated hydrologic 
systems ready to implement new rainfall information. Therefore, use of many 
project results by the engineering community will require continuing 
communication and time to achieve widespread acceptance. 
The Illinois State Water Survey, with an 85-year history as a water 
resources agency of Illinois specializing in scientific research and related 
services to everyone in Illinois, has developed an enormous user community 
and the means (publications, workshops, etc.) to reach and interact with this 
community that includes city engineers, private consulting engineers, waste 
treatment plant managers, chemists in water quality laboratories, plus the 
local, state, and federal officials who control or operate all hydrologic 
facilities in Illinois. Since the Survey is also a unique organization (no 
other state has a comparable water resources research agency), it also has 
developed national prominence and its staff and accomplishments are well 
known to engineers and scientists beyond Illinois. 
A major feature of this urban-rain project has been user interactions. 
The strategy called for continued and gradually increasing user involvement 
with time. This project actually began in 1973 when Survey atmospheric 
scientists and hydrologists began to plan this intensive rainfall study for 
the Chicago area using all available historical data. Thus, the NSF-funded 
project began at the culmination of two years of research and planning 
coupled with input from a series of interactions with users, both in Illinois 
and on the national scene. 
User Interactions, 1973-1975. Actual involvement with local and 
national users of the project findings began in 1973 as Survey scientists and 
engineers had developed the preliminary plan for a multi-year study of 
precipitation in the Chicago area in 1973. The first phase was a 
state-supported background study of all historical rain records and close 
interactions with local users (Huff and Vogel, 1976). The Survey invited a 
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group of local users (representatives of 3 private engineering firms, the 
City of Chicago engineering office, MSD, and NIPC) to a meeting in Chicago 
during May 1974. This meeting was sought 1) to advise them of our plan, 2) 
to better define presentations of results by understanding their needs for 
rainfall information, 3) to establish a working level user interaction, and 
4) to identify and obtain all available historical rain data. In this and 
subsequent 1974-75 meetings with MSD staff members, a new need became 
apparent -- means for providing real-time information about precipitation 
quantity, both over the city and that approaching the city. The potential 
for use of sophisticated weather radars became recognized. 
The need for a large dense network of raingages to provide the type of 
rainfall data and information that could not be gleaned from the existing 
historical rain stations in the study area became clear as Survey research 
progressed. This fact, plus the newly recognized possibility of 
radar-rainfall measurements for urban network operations, led to further 
discussions with local and national water resource people. The potential for 
the radar-raingage network research and demonstration project was discussed 
with local users (Chicago city leaders, MSD staff and Northeastern Illinois 
Planning Commission) in a special meeting in May 1975, and with staff members 
of the Center for Urban Studies of the University of Chicago in April and May 
1975. This potential was also discussed with national users including a key 
representative of the ASCE (Dr. M. B. McPherson, Director of the Urban Water 
Resources Research Program), the city engineers of San Francisco (they were 
visited in June 1975), and urban design engineers at Colorado State 
University, Purdue University, and the University of Illinois (April-May 
1975). Thus, these user interactions became the basis for launching the 
large project funded by NSF/RANN and the State of Illinois. 
User Interactions, 1976-1978. To a large degree, the processes of 
utilizing the CHAP results included the following efforts. 
1) The Survey involved several major area users (MSD, city officials, 
and NIPC) in the siting of 315 instruments and in project infor-
mation description. 
2) Three meetings were held in Chicago for those concerned with the 
rainfall quantity information (for design purposes), for those 
involved in system operations, and for those concerned with developing 
and calibrating urban models. 
3) Direct involvement of the MSD operational engineers with the radar 
phase was discussed frequently (about 6 times per year). 
4) An advisory panel involving representatives of key user groups was 
established and convened at the project start. It also was asked 
to review project results and to assist in translation of results to 
users. 
5) The Survey, through its many regular communication channels (staff on 
water planning committees, regional office interfaces, positions in 
ASCE, etc.), constantly translated project information to a variety 
of users. 
6) Scientific papers were presented at a variety of regional and national 
conferences of appropriate societies (ASCE, AGU, AMS), and major papers 
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were published in the journals of these societies. Furthermore, 
results were published in the Survey's extensive publication series. 
Meetings and visits were held in 1976, 1977, and 1978 with engineers and 
water resource operators in the Chicago area, both to inform them of the 
project and to secure their assistance in the siting and installation of 
project facilities. A particular effort has concerned development of a close 
working relationship with the operational staff of the Metropolitan Sanitary 
District of Greater Chicago, the agency with which we will demonstrate the 
utility of weather radar for their operation of the Chicago water resource 
system. This interaction included 6 meetings of key staff members of the 
Water Survey and MSD, 2 visits of Survey staff relating to raingage siting 
and historical rain data, and 3 visits by a Survey meteorologist to observe 
the actual operations of the MSD system during pre-rain and rain periods. 
Some of the direct interactions with local and regional users are listed in 
Table 7. Other direct interactions with local users concerned visits with 
those operating other water and weather projects in the Chicago area. 
Information on project activity has also been handled by the release of 
project information through various news media. An information flyer 
released by NIPC to planning agencies described the initiation of CHAP. This 
was distributed to all governmental and planning groups throughout the 
Chicago area. Three major news releases about the project were made. The 
general public, particularly in Illinois, is also a user of the project 
information. To this end, six presentations, on either radio or TV, about 
the project were given. 
Another major activity in building local-regional user interest and 
interaction, has been the distribution of storm rainfall maps for major rain-
storms that occurred during the project. Examples of these maps appear in 
the project progress reports (Changnon and Huff, 1976 and 1977). Cover 
letters and the maps were distributed to some 75 "users" in the Chicago 
region within 3 weeks after the storm date. Recipients included planning 
agencies, city engineers, news media, University scientists, private 
engineering firms, and all governmental entities interested in rainfall. 
Requests for rain design information and project data have 
correspondingly grown. In a three-month period ending 31 October 1977, we 
received and responded to 16 requests, largely from engineering firms. 
Since several other meteorological and hydrologic research projects have 
developed in the Chicago region since CHAP began, and partially as a result 
of CHAP, we hosted a 1-day workshop in April 1977 to develop regional 
communication between the 25 research scientists. We also discussed joint 
operations and means for data exchange between the research groups. 
To obtain advice and to initiate information distribution at high 
levels, the project established an 8-person advisory panel. It consists of 
users from engineering offices of two cities (Chicago and San Francisco), 
presidents of two large consulting firms, a national leader in urban water 
resources, the head of the hydrology program of the National Weather Service, 
and the chief engineers of MSD of Greater Chicago and the Northeastern 
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Illinois Planning Commission. They are listed in Table 8. We have met 
with this panel, had a site visit, obtained their advice, and kept them 
informed about the project. A second scientific advisory group was formed 
in 1977. It consists of three weather radar specialists. Two are from the 
National Weather Service, and one is from the university research community. 
Nineteen project talks (Table 9) were presented at various conferences 
of the American Geophysical Union, American Meteorological Society, the 
American Water Resources Association, American Water Works Association, 
and American Society for Civil Engineering. These were aimed at reaching 
the "national" users, those throughout the nation concerned with urban 
water resources. Talks to non-technical audiences are listed elsewhere 
(Huff and Changnon, 1977). A talk at Western Michigan University helped 
create interest in joining in the project by that institution. They pur-
chased twelve recording raingages ($5,000) to help enlarge the network so 
as to secure data in Michigan. 
In addition to these direct interactions and oral presentations, 
considerable efforts, considering the relatively short length of the 
project, were extended towards the publication of project information and 
results (Table 10). Seventeen scientific papers and reports were published. 
Copies of these publications have been widely distributed. Several other 
Survey reports closely related to CHAP have been published, as shown in 
Table 10. 
In an attempt to get direct user interaction, staff members visited 
with hydrologists and engineers of the city of Chicago and San Francisco, 
at MSD (many times), and with urban-regional planners of Chicago and St. 
Louis. A 1-day workshop, and tour of the radar facility was conducted at 
the HOT radar site on 16 November 1977. Leaders of MSD participated in 
this orientation and information exchange held after the successful 1977 
radar test operations. 
Summary 
Extensive ef for ts to develop and maintain di rect in terac t ion with 
users and t r ans fe r ra l of information about the project were conducted 
during the pro jec t . To recount, the local-regional users of Chicago and 
environs were reached through direct presentat ions at local meetings and 
by actual working discussions at meetings with project s c i e n t i s t s and 
those involved in re la ted projects at the University of Chicago, MSD, 
c i ty engineering of f ices , Northeastern I l l i n o i s Planning Commission, and 
other agencies. On the national level , the major user in teract ions have 
concerned ta lks at major s c i en t i f i c meetings, the publication of seventeen 
papers and reports (widely d is t r ibuted through the Water Survey's user-
focused mailing system), and our advisory panel . 
A key ac t i v i t y on t h i s project , both for sc ien t i f ic - technica l guidance 
and to secure user in te rac t ions , r e la tes to the 8-man advisory panel 
es tabl ished. They are leaders chosen to represent local and national 
i n t e r e s t s , pr iva te and governmental i n t e r e s t s , and varying s c i en t i f i c and 
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engineering in te res t s in urban hydrology. They have assisted us in the 
t ransmit ta l of project information throughout the urban water resource f i e ld , 
as well as providing advice on project research. 
The costs of user in te rac t ive ef for t s re f lec t the extent of the e f for t . 
The State of I l l i n o i s invested $26,000 in costs of publicat ion, s a l a r i e s , 
t r ave l , mailing, and meetings; NSF funds expended tota led $17,000 for advisory 
cos t s , publ ica t ions , and t rave l to conferences; and the MSD of Greater 
Chicago invested an estimated $10,000 in s taff cos t s . Thus, the user effor t 
to ta led $53,000, or about 7 percent of the t o t a l project cos t s . 
The question of whether the user effort succeeded has been and wi l l 
continue to be answered in a var ie ty of ways. The singular iden t i f i ca t ion of 
CHAP in the report to President Carter is one clear indication that i t s 
r e su l t s are known at the national l eve l . Another indication is the many 
l e t t e r s received requesting data, added information, and complimenting us on 
the pro jec t . Six l e t t e r s , se lec ted from among more than 50 received, are 
included in the following pages to reveal the i n t e r e s t of county, s t a t e , and 
c i ty o f f i c i a l s plus that of pr iva te industry . 
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Table 7. Examples of Direct Interactions with Local-Regional Users in 1976. 
Meeting with Water Control Staff of Metropolitan Sanitary District (MSD) 
and 5 project staff members in Chicago, May. 
2-day observational visits at MSD to view actual system operations in 
May and in June. 
Meeting with leaders of Northeastern Illinois Planning Commission and 
representatives of Hydrocomp, Inc., concerning interaction of their 
work on PL 208 water quality project and CHAP research, March. 
Meeting with George Tolley, University of Chicago, October, to discuss 
data exchange, in Chicago. 
Meeting with National Weather Service personnel of Chicago Office, in 
March, in Chicago. 
Meeting with urban planning groups of DuPage County and McHenry County 
in February, in Woodstock. 
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Table 8. User Advisory Panelists for CHAP. 
Robert Clark, Associate Director of Hydrology, National Weather Service, 
NOAA, Silver Spring, Maryland. 
Harold Coffee, Chief Engineer, Department of Public Works, San Francisco, 
California. 
Clint Keifer, President, Keifer and Associates, Chicago. 
Ray K. Linsley, President, Hydrocomp, Inc., Palo Alto, California. 
Murray B. McPherson, Director, ASCE Water Resources Research Program, 
Marblehead, Massachusetts. 
Forrest C. Neill, Chief Engineer, Metropolitan Sanitary District, Chicago. 
Dick Pavia, Commissioner, Department of Waters and Sewers, Bureau of 
Engineering, City of Chicago. 
Joseph A. Smedlie, Chief Engineer, Northeastern Illinois Planning Commission 
Chicago. 
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Table 9. Professional Papers and Technical Presentations. 
"The Chicago Hydrometeorological Program," given by F. A. Huff, Annual 
Meeting of American Geophysical Union, Washington, DC, March 1976. 
"A Hydrometeorologic System for Urban Applications," given by S. A. Changnon, 
National Conference on Hydrometeorology of American Meteorological Society, 
Ft. Worth, TX, April 1976. 
"Heavy Rainfall Relations in a Major Metropolitan Area," given by J. Vogel, 
National Conference on Hydrometeorology of American Meteorological Society, 
Ft. Worth, TX, April 1976. 
"The Urban Hydrometeorology Project of Chicago," given by F. A. Huff, Seminar 
of Chicago Chapter of AMS, University of Chicago, March 1976. 
"The Chicago Area Project - A New Urban Study," given by S. A. Changnon, 
Lecture, Western Michigan University, Kalamazoo, May 1976. 
"Research Opportunities on CAP," given by S. A. Changnon, talk, Michigan 
University, East Lansing, May 1976. 
"Chicago Area Research Related to Lake Michigan," given by S. A. Changnon, 
staff seminar, University of Michigan and Great Lakes Environmental Research 
Center, Ann Arbor, MI. October 1976. 
"The Chicago Area Rainfall Project," given by W. C. Ackermann, American Water 
Resources Association Conference, Chicago, March 1976. 
"Heavy Rainfall Relations Over Chicago and Northeastern Illinois," given 
by J. Vogel, 12.th American Water Resources Association Conference, Chicago, 
September 1976. 
"Hydrometeorological Research Program in Urban Hydrology Applications," 
given by F. A. Huff, 12th American Water Resources Conference, Chicago, 
September 1976. 
"A Review of the Chicago Hydrometeorological Project," a series of talks 
given by W. C. Ackermann, S. A. Changnon, and F. A. Huff, Chicago Advisory 
Panel, Chicago, October 1976. 
"Heavy Rainstorms in Urban Area," given by F. A. Huff, International Symposium 
on Urban Hydrology, Amsterdam, October 1977. 
"Impacts of Chicago Hydrometeorological Area Project on Hydrologists and Design," 
given by S. A. Changnon, Meeting of Illinois Section of ASCE, Chicago, April, 1977. 
"Time and Space Distribution Models for Urban Rainstorms," given by J. L. 
Vogel, Conference on Hydrometeorology, Toronto, October 1977. 
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Table 9. (continued). 
"Radar Echo Characteristics Associated with Intense Rainfall Rates in the 
Chicago Area," given by N. G. Towery, Conference on Hydrometeorology, 
Toronto, October 1977. 
"Hydrometeorological Characteristics of Severe Rainstorms in Chicago 
Metropolitan Area," given by N. G. Towery, Conference on Hydrometeorology, 
Toronto, October 1977. 
"Using Rainfall Data in Urban Hydrologic Applications," given by F. A. Huff, 
Conference on Water Quality Surveys for 208 Projects, April, 1977. 
"Meteorological Aspects of a Severe Urban-centered Rainstorm," given by 
S. A. Changnon, Conference on Flash Floods: Hydrometeorological Aspects, 
Los Angeles, May 1978. 
"A Local Severe Rainstorm," given by R. C. Grosh, Conference on Flash Floods 
Hydrometeorological Aspects, Los Angeles, May 1978. 
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Table 10. P ro j ec t P u b l i c a t i o n s . 
Ackermann, W. C. , 1975: "The Future of Water Resources in Nor theas te rn 
I l l i n o i s . " Journa l American Water Works Assoc ia t ion , December, 691-694. 
D e t t w i l l e r , J. and S. A. Changnon, 1975: " P o s s i b l e Urban Effects on 
Maximum Daily Ra in fa l l at P a r i s , S t . Louis , and Chicago." Journa l of 
Applied Meteorology, Volume 15, 517-519. 
Changnon, S. A. , 1978: "Heavy F a l l s of Hai l and Rain Leading to Roof 
Co l l apse . " Jou rna l of S t r u c t u r a l Divis ion ASCE, STI, 13454; 198-200. 
Changnon, S. A. , 1978: "The Meteorological Aspects of a Severe Urban-
Centered Rainstorm. P r e p r i n t s , Conference on Flash Floods, Amer. Meteor. 
S o c , Boston, 152-157. 
Changnon, S. A. and R. G. Semonin, 1978: "Chicago Area Program: A Major 
New Atmopsheric E f f o r t . " B u l l e t i n Amer. Meteor. Soc . , 59 , 153-160. 
Changnon, S. A. and F. A. Huff, 1976: "Mult i -Purpose Hydrometeorologic 
System f o r Urban Hydrology." P r e p r i n t s Conference on Hydrometeorology, 
Amer. Meteor. S o c . , Boston, 42-47. 
Changnon, S. A. and F. A. Huff, 1976: Chicago Hydrometeorological Area 
P r o j e c t : A Comprehensive New Study of Urban Hydrometeorology. - F i r s t 
In te r im Report , NSF/RANN Grant ENV76-01447, 69 p p . 
F u j i t a , T. T . , M. R. Hje lmfe l t , and S. A. Changnon, 1977: Mesoanalysis 
of Record Chicago Rainstorms Using Radar, S a t e l l i t e , and Raingage Data. 
P r e p r i n t s 10th Conference on Severe Storms. Amer. Meteor. S o c . , Boston, 
65-72. 
Grosh, R. C . , 1978: "A Local Severe Rainstorm." P r e p r i n t s Conference 
on Flash Floods , Amer. Meteor. S o c , Boston, 10 p p . 
Huff, F. A. , 1977: Effec ts of t h e Urban Environment on Heavy Ra in fa l l 
D i s t r i b u t i o n . Water Resources B u l l e t i n , Vol . 13, No. 4, 807-816. 
Huff, F. A . , 1977: Sampling, A n a l y s i s , and I n t e r p r e t a t i o n of Ra in fa l l 
fo r Hydrologic A p p l i c a t i o n s . Proc. Workshop on 208 Water Qual i ty Surveys , 
Assoc. Metro. Sewage Agencies, Washington, DC, J 3 - J 1 3 . 
Huff, F. A. , and S. A. Changnon, 1977: A Hydrometeorological Research 
Program. Water Resources B u l l e t i n , 13, 573-581. 
Huff, F. A. , and N. G. Towery, 1977: Hydrometeorological C h a r a c t e r i s t i c s 
of Severe Rainstorms in Chicago Metropol i tan Area. P r e p r i n t s , Second 
Conference on Hydrometeorology, Amer. Meteoro. S o c , Boston, 214-219. 
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Table 10 (continued). 
F. A., and J. L. Vogel, 1976: Hydrometeorology of Heavy Rainstorms in 
Chicago and Northeastern Illinois, Phase 1-Historical Studies. Report of 
Investigation 82, Illinois State Water Survey, Urbana, 63 pp. 
Towery, N. G., and F. A. Huff, 1977: Radar Echo Characteristics 
Associated with Intense Rainfall Rates in the Chicago Area. Preprints, 
Second Conference on Hydrometeorology, Amer. Meteor. Soc., Boston, 286-289. 
Vogel, J. L., 1976: "Heavy Rainfall Relations in a Major Metropolitan 
Area." Preprints, Conference on Hydrometeorology, Amer. Meteor. Soc, 
Boston, 86-91. 
Vogel, J. L., and F. A. Huff, 1977: Heavy rainfall relations over Chicago 
and northeastern Illinois. Water Resources Bulletin, Vol. 13, No. 5, 
959-971. 
Closely Related Reports of Other Water Survey Research and Staff 
Gatz, D. F., and S. A. Changnon, 1976: Atmospheric Environment of the 
Lake Michigan Region. Vol. 8. ANL/ES-40, Argonne, Illinois, 164 pp. 
Wenzel, H. G., Jr., and M. L. Terstriep, 1976: Sensitivity of Selected 
ILLUDAS Parameters. Illinois State Water Survey Contract Report 178, 
Urbana, 25 pp. 
Terstriep, M. L., M. L. Voorhees, and G. M. Bender, 1976: Conventional 




DEPARTMENT OF PUBLIC WORX5 
COUNTY BUILDINGS 
WHEATON. ILLINOIS 
RAYMOND M. HAAS 
COMMITTEE CHAIRMAN 
July 8, 1976 
Illinois State Water Survey 
P.O. Box 232 
Urbana, IL 61801 
Attn: Stanley A. Changnon, Jr. 
Re: Rainfall Patterns in 
Northeastern Illinois 
Dear Mr. Changnon: 
I am in receipt of your letter of July 2, 1976 and the 
rainfall patter for the storm of June 13, 1976, which did so much 
damage in South Eastern DuPage County. The type of information 
presented in this document is of great value to engineers and 
local governments who are involved in storm water management. 
I would like to continue to receive this information and any 
other information that would be pertinent. 
I would like to know also, if your organization is capable 
of determining duration of storm and the distribution of the rainfall 
during the storm duration. This information would be of value in 
developing very small basin storm sewer designs. 
Sincerely yours, 






W. J. BAUER CONSULTING ENGINEERS 
2 0 N O R T H W A C K E R D R I V E 
C H I C A G O . I L L I N O I S 6 O 6 O 6 
T E L E P H O N E 312/372-6436 
December 7, 1977 
Dr. Wm. C. Ackermann, Chief 
Illinois State Water Survey-
Box 232 
Urbana, Illinois 61801 
Subject: Report of Investigation 82 
Hydrometeorology of Heavy 
Rainstorms in Chicago and 
Northeastern Illinois 
Dear Bill: 
We would like to obtain a supply (say 50 copies) of your Report of 
Investigation 82 , i ssued 1976 on the subject of the storm rainfall 
experience in Northeastern I l l inois , with particular emphasis upon the 
Chicago metropolitan a rea . 
We plan to use this booklet as an appendix to various Step 1 Studies 
for vi l lages in the Chicago metropolitan a rea . We believe it provides 
the best presentat ion of a summary of rainfall experience in our a rea , 
and would be the most effective way to communicate to decision makers 
as to the effects of increased hydraulic capaci t ies of sewers , if it 
should be provided by new construct ion. 
We have found that the most severe r a in s , say the 10 most severe in 
the period 1949 through 1974 which you analyzed in the subject Report, 
were assoc ia ted with high in tens i t ies for a short period of t ime. The 
increases in ra tes of outflow which could be achieved by increased 
hydraulic capac i t ies of sewers have remarkably l i t t le impact on the 
problem of street s torage . We make this statement based upon actual 
observat ions of how the water has behaved in actual storms in Western 
Springs, I l l inois . We were able to derive from th is data an estimate of 
the total infiltration that occurred during these s torms, and have then 
arbitrarily broken this total into 1" of init ial infiltration plus something 
l e s s than 0 . 1 " per hour thereafter as a means of making our a n a l y s e s . 
This appears to agree fairly well with the d a t a . 
Taking the 10 most severe storms for the small drainage areas tributary 
to low spots in neighborhoods, we found that increasing the outlet 
capaci ty 9 times would achieve a 19% reduction in the depth of ponding 
during the most severe storm, and would achieve a 45% reduction in depth 
of ponding for 10 or more t imes during the 25-year period. 
Very truly yours , 




Dr. Wm. C. Ackermann, Chief - 2 - December 7, 1977 
Illinois State Water Survey 
Considering the worst storm in 25 y e a r s , the 19% reduction in depth 
of s t reet ponding might amount to say 8 " . One is faced with the 
obvious question of whether one can more eas i ly protect agains t the 8" 
higher depth of poinding than provide a 9-fold increase in overall 
hydraulic capaci ty of the sewer sys tem. 
This is the sort of argument that we would like to make with the aid 
of your Report. There are many millions of dollars at s t ake , dollars 
which could be wasted in a vain attempt to eliminate the s t reet ponding 
which the public a s soc i a t e s with "flood" problems. 
NICHOLAS J. MELAS 
PRESIDENT 
BOARD OF COMMISSIONERS 
JOANNE H. ALTER 
JEROME A. COSENTINO 
DELORIS M. FOSTER 
WILLIAM A. JASKULA 
NELLIE L. JONES 
JAMES C. KIRIE 
CHESTER P. MAJEWSKI 
NICHOLAS J. MELAS 
RICHARD J. TROY 
January 13, 1978 
Dr. Charles Thiel 
National Science Foundation/RANN 
1800 G Street, N.W. 
Washington, B.C. 20550 
Dear Dr. Thiel: 
It has come to our attention that continued funding for the 
Chicago Hydrometeorological Area Project (CHAP) is in jeopardy. 
The Metropolitan Sanitary District of Greater Chicago would like 
to urge the National Science Foundation to continue funding in 
1978 so that CHAP can be completed. 
The long-term implications of CHAP could include a system which 
will help optimize the operations of the Chicago Sanitary and 
Ship Canal and the Tunnel and Reservoir Project (TARP) - both 
of which are vital to pollution control, flood control and water 
supply for the Chicago Metropolitan area. Other cities are con-
sidering systems similar to TARP as a solution to the combined 
sewer overflow problem. 
We are also constructing small reservoirs as a part of the SCS 
PL-566 program. Similar programs are underway throughout the 
nation.. We should like the opportunity of determing the value 
of the CHAP system in their operation. The operation of small 
reservoirs is common to most urban areas. User application of 
the CHAP system should be readily transferable to other cities 
if the final results are as promising as they now appear. 
Additionally, there may be some application of the CHAP system to 
increase efficiency of plant operations. For this, and for the 
reasons cited above, we urge continued funding of the project. 
Forrest C. Neil 
Chief Engineer 
FCN/WB/w 




northeastern iilinois planning commission 
400 West Madison Street Chicago, Illinois 60606 (312)454-0400 




Dr. Charles Thiel 
National Science Foundation/RANN 
1800 G Street NW 
Washington, D.C. 20550 
Dear Dr. Thiel: 
This letter solicits your continued financial support 
for the Chicago Hydrometeorological Area Project 
(CHAP) currently being executed by the Illinois 
State Water Survey. 
This Commission is responsible for regional planning 
in the six counties of northeastern Illinois, an area 
encompassing 3,700 square miles, over seven million 
people, and a large and varied industrial base. 
There are over 260 municipalities in the region, 
including the city of Chicago, as well as a large 
number of sanitary, drainage, soil and water conser-
vation, and surface water protection districts, all 
involved in matters related to stormwater runoffs 
and flood control planning. Experience has shown 
us the extreme vagaries of weather patterns, storm 
intensities and durations. 
Given the large investment in the region, and recog-
nizing the inherent risks and hazards associated with 
inadequately designed stormwater drainage and flood 
control protective systems, we have need for current, 
factual data such as can be generated by the CHAP. 
Similarly, we have need for information which docu-
ments the air pollutants which fall out or wash out 
on our region. Better knowledge of their quantitative, 
temporal, and spatial variations will materially assist 
us in water quality management studies. 
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Mr. Charles Thiel -2- January 18, 1978 
Your continued support of CHAP is strongly recommended. 
Sincerely yours, 
Robert G. Ducharme 
Consulting Executive Director 
RGD:10 
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Illinois Department of Transportation 
Division of Water Resources 
2300 South Dirksen Parkway/Springfield, Illinois/62764 
January 20, 1978 
Dr. Charles Thiel 
National Science Foundation 
1800 G Street N.W. 
Washington, D.C. 20550 
Dear Dr. Thiel: 
I have recently learned the National Science Foundation is 
considering not funding the Illinois State Water Survey for 
the third and final year in their effort to better define the 
spatial rainfall frequency in the Chicago Metropolitan Area. 
The Division of Water Resources is the State agency charged 
with reducing urban flood damage. As such, we believe the 
completion of this research will provide a tool for managing 
flood control works, including the stages and flows in the 
Sanitary and Ship Canal, to minimize flood damages. 
The Division of Water Resources is also charged with allocat-
ing diversion from Lake Michigan. In order to prevent flooding 
in downtown Chicago, it is necessary to begin dewatering the 
canal system in anticipation of rainfall. If rainfall does not 
occur, or is less than anticipated, water must be diverted from 
Lake Michigan to re-establish depths in the canal sufficient 
for commercial navigation. A sufficient quantity of water must 
be held in reserve for this contingency, and is therefore, un-
navigable for allocation to domestic, commercial and industrial 
needs. Successful completion of this research project will pro-
vide more accurate prediction of storm flow and consequently 
an increase in allocable water in this critically water-short area. 
Operation and maintenance of the Chicago Deep Tunnel Plan 
for flood control and pollution abatement, through accurate 
storn flow predictions, will be facilitated. Technology develop-
ed here will be useful in other major urban areas. Finally, 
what is learned through this research project will certainly 
provide a better insight to the effects of urban areas on local 
climate. 
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Dr. Charles Thiel Page 2 January 20, 1978 
I hope you will consider these items and act favorably 
on the State Water Survey request to continue this research. 
Sincerely, 
Frank Kudrna 
D i r ec to r 
FK:JC:mam 
cc : Stanley Chagnon 
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25 January 1978 
1 5 0 2 P a g e M i l l R o a d 
Palo Alto, California 94304 
Telex/TWX 910-373-1219 
Telephone (415) 493-5522 
Dr. Charles Thiel 
National Science Foundation/RANN 
1800 G St., NW 
Washington, DC 20550 
Dear Dr. Thiel: 
As a member of the advisory panel for the Chicago Area Hydrometeorological 
Project (NSF ENV76-01447), it has come to my attention that the third year 
of the project may not be funded. Since one of my major concerns about the 
project was its short planned life (3 years), I am naturally disappointed that 
support may be terminated even earlier. 
The raingage network established under CHAP is the world's largest dense network 
and is a valuable asset for many types of meteorological and hydrologic research. 
However, record length is important. In some previous research at Stanford 
University we used data from another dense network, but found our study severely 
hampered by the fact that only five years of record were available. That particular 
study was aimed at determining the desirable density of gages for use in modern 
hydrologic simulation. If the CHAP network is terminated (or greatly reduced) after 
only two years, much of the value of the efforts already expended will be diminished. 
I hope that the network can be maintained for five years before reduction in density. 
In addition, the opportunity to investigate radar-rainfall relationships over this 
network and to attempt real-time forecasts of rain based on the radar is important, 
but the value of such research will also be diminished if the system cannot be 
operated for a sufficient time to yield results which have statistical validity. 
I believe that shortening the CHAP project will greatly reduce the validity of the 
research proposed under CHAP and at the same time will deprive hydrologists and 
meteorologists of a data resource which is of potential value for a number of other 
research efforts. I realize that NSF may have compelling reason to terminate 
support of this project. If, however, the decision is not final and continued 
support is possible, I strongly recommend that the support be continued. 
RKL:ns 
S I M U L A T I O N A Q U A T I C E C O L O G Y H Y D R O L O G Y 
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